The Tlokwe Local Municipality (Potchefstroom) (secondary node) is located on the N12 corridor between Johannesburg as (primary node) through Kimberley (secondary node) to Cape Town (primary). This location reality implies that some 65% of the inter traffic consists of heavy motor vehicles transporting freight that is passing through the Central Business District (CBD) of Potchefstroom based on origin and destination movement patterns between the high order nodes within the national spatial system. These traffic movement patterns result in traffic congestion that impacts negatively on the intra-traffic flows within the CBD of Potchefstroom and its spatial land use development, consolidation, growth, urban renewal, internal movement patterns and local accessibility.
Introduction
This paper analyzes existing transport and land-use patterns based on an elementary modelling application from which development strategies can be formulated. The goal will be to encourage less travel, especially by heavy motor vehicles and by private car in the CBD of Tlokwe Local Municipality (TLM).
Numerous approaches have been developed internationally to investigate the complex interaction, integration and interface between transport and land use [1] . The point of departure of the various approaches differ due to local differences, interactions that take place over different time scales, application of factors with different degrees of certainty and its related goals and objectives. The different land-use and transport models are difficult to compare since the models have been developed for different purposes [2] .
Research approaches

Quantitative research approach
The research methodology applied includes the following focuses: literature considerations; research problem, case study, case study results (traffic surveys) and strategy formulation for spatial and transportation development. Due to the format of this paper, the quantitative and qualitative methodologies that follow will be integrated. Figure 1 shows the dominant inter-traffic movements affecting the study area. Due to the fact that the inter-traffic moves through the Central Business District (CBD) of the study area, traffic congestion occurs during both peak and off-peak hours. This is due to the conflict in inter-and intra traffic movement patterns. Figure 2 shows the dominant intra-traffic movements within the study area inclusive of the inter-traffic movements through the study area. From an analysis of the traffic data some 87% of the through traffic flows for freight are attributed to origin and destination outside the study area [3] . This conclusion is supported by an analysis of the 2007 North and South Weight Bridge data on the N12 Route or corridor. The inter-traffic movements and the clashing intra-traffic movements is the main cause of severe traffic congestion that includes all modes of traffic. Road network serving the intra-traffic movements within TLM.
Qualitative research approach
Regional reality of inter-traffic movements
Intra-traffic movements within the study area
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Modelling literature overview
Bhat et al. [5] , Chang [6] and Crecine [ ] examine existing literature to determine how effectively the current transport and land-use models can be applied as to analyze the integration and interface between land use and transport [3] . This interface can best be described by considering the theoretical, methodological and operational characteristics of the respective models.
www.witpress.com, ISSN 1743-3509 (on-line) Table 1 represents a comparison of all models that are applied to analyze the interface between land use and transport based on the common denominators (factors) supporting each of the models. The different categories include spatial interaction models; econometric models and micro-simulation models. This differentiation is based on the methodology relationship where the primary objective is to describe the integration between transport and land-use. From the perspective of this paper the relationship selection was restricted to commercially application models with the exclusion of regional economic models. Table 1: Classification of land use and transportation models.
Source: own construction.
Land use and traffic survey patterns
The principles of the land use and traffic modelling approach were applied to the land use and traffic survey data for the study area (TLM). The current traffic congestion and conflict is due to the fact that the interface and integration of land use and transport is not recognized as an important focus by TLM. Therefore a detailed land use and traffic survey for the TLM Central Business District (CBD) was undertaken. This includes all inter-and intra-traffic modal split data and was supported by an analysis of all land use (zoning) data and the actual dominant uses of land within the TLM. The land use zonings within the study area are depicted in Figure 3 whilst the total traffic movements in terms of modal split (peak traffic volumes only) are super-imposed on this figure. The core traffic data (total traffic and peak traffic flow) is shown in Table 2 . The traffic data includes the availability of parking statistics within the study area. Land use zonings and total peak hour traffic within the study area. 
Development pressures, factors and impacts
The development pressures and factors (catalysts) for both present and future land use and transport within the TLM are illustrated in Figure 4 (Local spatial development framework (LSDF) [4] .
From Figures 2 and 3 the interface, integration and alignment between land use and transportation within the study area can be deduced. Furthermore, traffic data, planned spatial development, functionality of the road network and the nature of the traffic congestion can clearly be deduced. The basis for this is the fact that land use and transportation is not integrated and shows high degree of SDF for the study area.
conflict to the detriment of road users and pedestrians. Therefore the need to analyze this interface scientifically through application of elementary modelling is thus evident.
Elementary modelling methodology
This paper reports on the application of an elementary and basic land use and transport modelling approach as to define the nature of the interface, need for integration and to motivate TLM to implement trans-disciplinary [1] focus in spatial and transportation planning. Due to the lack of origin and destination data availability, the modelling methodology will be based on conclusions deduced from existing and projected traffic flow patterns, need for additional land in the CBD as retail, commercial and office space, need for parking provision and development of an effective pedestrian and non-motorized transportation routes within the CBD.
Formulation of modelling objectives
The following specific modelling objectives in goal realization are applicable:  Objective 1: Addressing the current traffic congestion due to conflicting inter-and intra-traffic patterns.  Objective 2: Optimization of land use development, traffic and environmental relationships and its related impacts.  Objective 3: Improved accessibility within the CBD through provision of spatially well located parking areas to serve the high intensive land zoning in terms of supply and demand factors.
Modelling attributes
The following traffic attributes are included in this basic modelling exercise: places of education; commercial land uses; social and recreation areas; location of employer business areas; location of non-home based employer businesses; 
Land use and transportation modelling application
Traffic and land use surveys were conducted in 2012 to determine the existing trip distribution and land uses in the CBD. The traffic data survey included morning and afternoon peak traffic per mode. The zone size included 10 internal counting points and two (2) Where applicable the existing land use and transport modelling were based on trip generation, distribution, mode choice models, route choice and traffic assignment modelling. EMME 4 applications were applied to the inter-traffic routes based on existing information on origin and destination figures and data obtained from the weight bridge on the N12 Route East of the study area.
Findings of the research
As described in the hypothesis to the research problem, the following findings related to land use and transport were made based on the modelling application:
Transport movement impacts
The conflict between inter-and intra-traffic was clearly evident from the modelling application. This is being aggregated through internal development pressures being exerted through the increase in demand for new commercial and office space based on urban regeneration and redevelopment within the study area. Densification within the existing land use structure is also evident if the number of new shopping malls and building plans is considered. These developments will place a further load on the existing road network in terms of traffic flow patterns and the associated demand for additional parking. In terms of the modelling undertaken it is estimated that the current road network serving the intra-traffic volumes is 37% under designed (based on design capacity for Class 5 Roads of 400 pcu/h peak hour vehicle movements vs. 550 pcu/h taken up during the survey [3, 26] . This includes under capacity in terms of both geometrical structural design standards Class 5 Residential Roads being used for intra-traffic distribution. This clearly is illustrative of the lack of recognition and application of applicable geometric road design standards and spatial development approaches and needs as contained in the LSDF [4] .
As far as inter-traffic is concerned the major impact relates to the traffic link from east to west (N12 Route) (inclusive of the south/north spine) defining the boundary of the CBD. This road link carries all modes of traffic with a non-local destination. Some 13 495 vehicles peak hour movements (both directions) are experienced. Due to a restriction on speed the design parameters for the existing two lane roadways with two ways traffic is exceeded due to 10 intersections with robots bringing the average speed per vehicle down to 28 km/h.
Through the modelling exercise an expected growth of 2.67%/annum is estimated. The existing design capacity of the N12 (Class 4 Road) route is 1 200 pcu/h. In practice only some 480 to 845 pcu/h is accommodated. This implies that the road capacity is exceeded by more than 50%. It clearly indicates that in terms of road network planning for inter-traffic the N12 Route through the study area is under-designed in terms of geometric as well as structural design capacities. The position in future will further deteriorate. Urgent attention should thus be given to re-route the inter-traffic through a by-pass higher order road link (Class 1 Road) to the south of the urban boundary.
Transport road network and pattern
Spatially the road network underpinning the CBD (study area) is dominated by a grid road system with intersections spaced on average between 310 metres and 420 meters apart. This implies that traffic patterns in the study area are dominated by relative short road links and numerous intersections. This position should be addressed by a one way road distribution and collector system consisting of outer and inner road linkages with limited four way stop intersections. The identified road ways should be identified based on the alignment that identifies and dissects the core business area of the CBD from its transition (border) area. These routes were identified based on dominant land zoning, frontage distances, height and density based on zoning categories in terms of the Town Planning Scheme (TPS) [27] . The principles of the central business index method (CBI), central business height index (CBHI) and central business intensity index (CBII) were applied to the land use data and zonings within the study area based the techniques as developed by Murphy and Vance [28, 29] , Chapin [30] supported by those of Murphy [31] . This demarcation is supported by the elementary modelling methodology as discussed above.
Need and demand for parking
The analysis through the modelling indicated that parking is not being provided in terms of optimal location and space relationships [32] . The quantum as well as the quality (safety and convenience considerations) impacted negatively on the supply of parking to clients. Parking along the pavements within the CBD is on average 11 parking spaces for every 53 m of business frontage.
Due to the physical short block/intersection distances and local shopping preference, clients visiting the CBD clearly show travel patterns of 'jay-riding' whereby shoppers are driving around street blocks to find parking as close as Parking provision is arranged and regulated by the TPS [27] and generally requires 6 parking bays per 100m 2 of business area (floor space) in the case of new shopping centres and 2 parking bays/100 m 2 of gross leaseable business floor area. From the survey the total number of parking bays provided represents some 4532 parking bays. This land use represents 13.6 ha within the CBD area of 87ha gross leasable floor space.
The assessment of the location and accessibility clearly indicated specific needs in certain geographic areas within the CBD for further parking development. In order to accommodate future growth, the TLM should consider locating new parking areas on the existing Residential 1 land within the inner link road sectors and outer ring road as proposed above. An estimated 7394 parking bays will be required in order to address the current backlog and to accommodate the development of further business growth and development by 2017. This will require some 8.58 ha additional land for parking. This parking provision may be provided within basements, ground level or first floor levels on new business and office development within the CBD. An additional 15 parking bays will have to be provided for a new mini-bus taxi facility within the CBD preferably on the outer-ring road.
Loading and off-loading facilities
In 85% of the cases businesses depends on loading and off-loading facilities provided along the road ways in front of existing businesses. This leads to 'double parking' by HMV when off loading takes place that disturbs traffic flow and jeopardise safety of pedestrians. More stringent requirements should be applied in future development to ensure that businesses shares communal loading and off-loading facilities provided away from the road network, in between buildings. The implementation of this should be provided for within a CBD Regeneration Plan (URP) and be enforced through the TPS.
Pedestrian movement patterns
Pedestrian movement in the CBD is predominantly provided for within the shoulder of the road system. This practice, from the survey and modelling results are insufficient and should be addressed through dedicated pedestrian and other non-motorized lanes. The present pedestrian movements are focussed on the existing Mini-bus Taxi Terminus along all roads (both sides on the road shoulder). This pedestrian network is linked to all larger shopping malls. This need should be addressed through the URP and needs to include high quality pedestrian corridors based on effective urban design criteria. Table 3 show the summary of the related future spatial land use and traffic impacts within the CBD of the study area.  Identified higher order outer ring road bounded by double road way mixed with one way traffic movement system.  Outer ring road to be supported by inner ring road links providing optimal access through an adopted one way traffic system. 
Land-use/economic impacts and patterns
Conclusions
From the research the following conclusions can be drawn:  The lack of origin and destination data restricts the application of EMME 4 land use and transportations modelling within the study area. behaviour; analysis of network data; trip generation modelling; trip distribution models, modal choice models and traffic assignment allocation models.  Inter-traffic modelling can be estimated through application of the EMME 4 transportation modelling software.  Table 3 constitutes the envisaged interventions and projects to be implemented based on the deductions from the application of the elementary land use and traffic model and approach as described in this paper.  The construction of a new Class 1 Road (freeway) to the south of the town to address the traffic conflict and congestion between inter-traffic and intratraffic movements.  Application of land use and transportation modelling before application of spatial and development frameworks will improve the quality of the built environment and movement patterns within regional and urban space.
